Abstract: Preliminary criteria for ecological status assessment index for dam reservoirs on the basis of the ichthyofauna assemblages. Basing on geographical, physical and hydrological criteria, 24 types of dam reservoirs can be distinguished in Poland. The system of ecological potential assessment is based on the index of biotic integrity (IBI), taking into account its modifi cations for Polish rivers. An example of a table with assessment criteria values is given for large, lowland, lotic reservoirs. In order to use the proposed assessment system it is necessary to elaborate such tables for all 24 types of reservoirs and than to test it on a sample of reservoirs of each type. It is worth of notice, that to obtain appropriate data on ichthyofauna of dam reservoirs for assessment of their ecological potential, it is necessary to use combined methods of data collection (electrofi shing, commercial and experimental net catches) in a planned monitoring system.
INTRODUCTION
Directive 2000/60/WE of the European Parliament and the Council of 23 October 2000 establishing a framework for Community action in the fi eld of water policy, called the Water Framework Directive (WFD) requires the Member States of the European Union to bring into force several obligations and recommendations aimed at classifying water environment, establishing principles and criteria of ecological assessment and, in short-term perspective, reaching "good environmental status". The principal difference in the approach towards the assessment of environmental status and monitoring principles of surface waters presented in WFD refers to the key role of biological indicators in determining the environmental status, including different hydrobionts assemblages such as phytoplankton, macrophytes, macrozoobenthos and ichthyofauna. Most of the so-far used monitoring systems, especially in the countries located in Central Europe, were based on traditional, chemical indicators and saprobity indexes that used lists of indicator organisms from some phytoplankton and zoobenthos groups. Biological components of water status assessment were used in these systems only in a limited scope, mostly as easily measured parameters such as: biological oxygen demand (BOD 5 ), chlorophyll a content or Coli titer. The new approach towards assessment of water ecological status enclosed in WFD requires not only a change and widening of the scope of database systems in environmental monitoring, but above all an elaboration of reliable methods aimed at assessing the ecological status of waters on the basis of particular biological components.
Studies aimed at determining the method of biological assessment of Preliminary criteria for ecological status assessment index for dam reservoirs on the basis of the ichthyofauna assemblages water ecosystem status have been carried out in various members states of the European Union since a few years and have reached different stages: from ready systems, requiring further testing and local modifi cations, such as the case of the European Fish Index (EFI) (Schmutz et al. 2007 ) and the newly established EFI + index (Improvement… 2009), or the German index based on macrozoobenthos, elaborated in the framework of the AQUEM programmes for rivers, to very preliminary stages of work, such as, for example, the Polish proposal to establish an ecological assessment index for the status of lakes based on ichthyofauna assemblages, prepared in The Stanislaw Sakowicz Inland Fisheries Institute.
It should be noted that until now the attention was given to methods that focused at evaluating the natural environment such as rivers, lakes or coastal and transitional waters, whereas not much attention was given to artifi cial and heavily modifi ed water bodies, notwithstanding clear provisions of the WFD, that put an obligation on the member states to achieve good environmental status and good chemical status of these waters until 2015 (Article 4, item 1, letter a, paragraph 3) and to implement monitoring systems that include the ecological potential assessment for these waters until the end of 2006 (Article 8). It should be underlined that the maximum ecological potential for particular types of artifi cial and heavily modifi ed bodies of water, constituting an equivalent of reference conditions for rivers and lakes, can only be established on the basis of experts' assessments that take into account the existing knowledge as well as analogies to similar natural environments, due to the lack of unmodifi ed environments of this type.
In view of the above, one of the most urgent actions to be undertaken in the implementation of WFD should be aimed at elaborating systems of ecological potential assessment of artifi cial and heavily modifi ed water bodies, with the use of the already existing systems or those under preparation as well as at elaborating a monitoring programme for those modifi ed environments.
Dam reservoirs are among the most frequent types of heavily modifi ed waters, with substantial ecological importance. In Poland, the number of reservoirs with a surface of more than 20 ha can be estimated at approximately 130 (6% of the lakes of the same surface), whereas the number of reservoirs with a surface of more than 1000 ha reaches 14, that is over 40% of the number of lakes of the same surface (Starmach et al. 1976 , Mastyński 1985 . This proves a substantial share of dam reservoirs in surface waters in Poland, whereas their role is particularly important in those areas where lakes are scares.
Ichthyofauna assemblages constitute a valuable element of biological assessment of the ecological status and ecological potential of waters, in particular due to a long life cycle of the studied organisms and their location at higher levels of the trophic pyramid of ecosystems (consumers of the second and higher levels). A limited number of fi sh species that exist in Poland (83 taxons -Brylińska 2000) as well as very easy species determination also by non-ichthyologists play also a role.
However, some restrictions derive from the methodology of reliable sample collection from the environment as well as assessment of the fi sh density and biomass.
This study puts forward preliminary criteria for the typology of dam reservoirs as well as the system of their assessment on the basis of ichthyofauna, with the use of indicators elaborated for rivers, in particular the index of biotic integrity (IBI) (Karr 1981; McDonough, Hickman 1999) , taking into account the modifi cations done for rivers in Poland ).
METHODS AND RESULTS

Typology of dam reservoirs
On the basis of geographical criteria (altitude above sea level), physical criteria (surface and mean depth) as well as hydrological regime (retention time), it is proposed to distinguish 24 types of dam reservoirs (Tab. 1).
The division of dam reservoirs into size classes corresponds to Mastyński (1985) and altitude classes (m.a.s.l.) are in conformity with the provisions of Water Framework Directive. The criteria of mean depth (shallow and deep reservoirs) and retention time in lotic (reolimnic) and limnic reservoirs (Starmach et al. 1976) have also been applied. The proposed division is purely theoretical and requires verifi cation in comparison with detailed data on the reservoirs in Poland. Some of the proposed types may not exist in Poland (for example type 6 and 14), but nevertheless can exist in other EU member states. The proposed typology excludes reservoirs below 20 ha in surface due to the necessity to limit the number of reservoirs under assessment. The smallest reservoirs, often just consisting of a damming up above the weir and not larger than the river bed, can be treated as its heavily modifi ed parts, whereas small pond-like reservoirs are not included in the assessment system, similarly to the smallest lakes and ponds due to their excessive number.
Elaboration of criteria for ecological assessment of the status of dam reservoirs
The principles for establishing criteria and system for assessment originate from the study by McDonough and Hickman (1999) , including modifi cations done for rivers in Poland . The assessment system is based on the scheme designed for the biotic integrity index IBI (Karr 1981) , which includes only the parameters of ichthyofauna assemblages. The reason for such approach is artifi cial origin and disturbance of natural parameters of retention in the studied water environments, that practically prevents the use of their morphologic and hydrologic parameters as criteria for ecological potential assessment.
In addition, as mentioned earlier, the maximum ecological potential for particular types of dam-reservoirs can be determined only on the basis of experts' assessments, due to the lack of possibility to determine the reference conditions for environments created through human activity.
The principle behind the proposed index is based on allocating a given number of points to the values attributed to particular assessment criteria (Tab. 2) (1, 3 or 5 points -respectively for low, medium and high assessment of ecological potential). The points are aggregated and each sum (from 12 to 60) is classifi ed according to a fi ve grade ecological potential classifi cation presented in Annex V of WFD: high (53-60 points), good (45-52), moderate (36-44), poor (24-35) and bad (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . This method permits to assess the ecological potential of the studied reservoir according to a fi ve grade scale.
The range of values of particular parameters, corresponding to a given number of points (1, 3 or 5 points) should be elaborated separately for each of the 24 types of reservoirs, by taking into account its specifi c nature and expertise on a given type of water environment. For example, a number of fi sh species corresponding to a high grade in case of a small, shallow reservoir will be much lower than for a large, deep and lotic. The assessment criteria and principles of allocating a given sum of points one of the 5 grades of ecological potential should be uniform for all reservoir types, thus allowing a direct comparison of the obtained results.
The assessment criteria proposed in Table 2 are composed to permit to most precise characteristics of species abundance, diversity of trophic groups, proportions of biomass of particular species groups, structure of domination in an ichthyofauna assemblage as well as the direct impact of human activity on fi sh assemblages in assessed reservoirs. Below, particular assessment criteria are explained in detail, highlighting their index value to assess the ecological potential.
Total number of fi sh species -larger number of species indicates a better ecological status of the ecosystem. Alien species (introduced on purpose, introduced or brought from other river systems through artifi cial connections between the systems) are taken into The "+" means that higher value of a criterion gives higher index, "-" -that higher value of a criterion gives lower index value. * excluding the white bream, ** amount of stocking recalculated for most commonly used stocking material (young of the year).
of environmental status and also a factor regulating the abundance of other species, in particular including tolerant species, often overpopulated in reservoirs. Number of invertivores -species such as tench, perch, ruff, common dace, bleak, vimba, gudgeon, barbel are highly specialised in terms of food requirements, often composed of invertebrates and small fi sh, therefore their presence indicates a good environmental status of water ecosystems. The presence of white bream, also belonging to tolerant species is not taken into account. Number of lithophilic and phytophylic spawning species -species such as asp, barbel, chub, sneep or ruff, ide, common dace, perch, pike perch spawn on hard surface (mineral or plant), which is less and less accessible in reservoirs along with increasing deposition of residues and silting up of the bottom, which is one of the factors causing degradation of water environments. Percent biomass of piscivore fi sh -piscivore species are an important element of the ichthyofauna and their high biomass proves a good environmental status of a reservoir, even if it results mostly from stockings and not natural spawning of these species. For this reason this criterion has been included, contrary to the opinion expressed by McDonough and Hickman (1999) , that it should be excluded due to intensive stocking (thus considering the abundance of these species as unnatural). Percent biomass of invertivores -these species (tench, perch, ruff, common 4.
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6.
7.
dace, bleak, vimba, gudgeon, barbel) are highly specialised in terms of food requirements and thus their high biomass constitutes an indicator of a good environmental status of water ecosystems. The presence of white bream, also belonging to tolerant species is not taken into account. Per cent biomass of tolerant species -these species (bream, white bream, roach, silver carp) tolerate well low concentration of oxygen in water and an increase of the biogen content and at the same time feed on diversifi ed food (sometimes also plants and detritus). Due to this, they reach very high biomasses in heavily modifi ed and degraded water environments, where other species with more specifi c food and habitat requirements cannot exist. Therefore, their high biomass is considered to be an indicator of environmental degradation in dam reservoirs. The number of these fi sh species has not been considered as an indicator since they are common in almost every dam reservoir. Domination (% biomass of dominant species) -ichthyofauna assemblages dominated by one species (often tolerant fi sh from Cyprinidae group) are characteristic for highly degraded water environments -thus a high percentage share of biomass of the dominant species is classifi ed as an indicator of bad ecological status of the reservoir. Sub-dominants (number of species with the share >10% in the biomass, excluding the dominant species) -existence of several species of moderate, but signifi cant share in fi sh biomass indicates more 8.
9.
10.
equal proportions in ichthyofauna assemblage and thus good ecological status of a reservoir. Stocking with piscivore species -permanent, planned human activity which consist of enriching the fi sh assemblage of the assessed reservoir with species having a positive impact on the ichthyofauna structure and balancing the effects of fi shing exploitation constitutes a factor that increases the ecological potential. The amount of stockings (kg ha -1 ·year -1 ) will be reported on the basis of data received from fi shery managers, recalculated for most commonly used stocking material (young of the year), average for the last 5 years before the assessment.
Exploitation of piscivore species -since ages fi sh constitute objects of intensive exploitation by humans and nowadays, with the domination of angling, piscivore species, having a key role in water ecosystems as regulators of tolerant species abundance, are particularly endangered by overfi shing (such as pike, pike perch, catfi sh, asp, lake trout, Danube salmon, eel and perch). Therefore excessive exploitation level of these species is a factor decreasing the ecological potential of waters. The size of catches will be given for all piscivore species together in kg ha -1 ·year -1 according to data received from fi shery managers, average for the last 5 years. Both commercial catches, as well as estimations of anglers' catches will be taken into account.
11.
12.
Model values of assessment parameters for a chosen type of dam reservoirs
A model table of assessment criteria values (Tab. 3) was elaborated for large, lowland, shallow, lotic reservoirs (type no 4, Tab. 1) -e.g. the Zegrzyński Reservoir. In order to implement the proposed system it is necessary to elaborate similar tables for the remaining types of dam reservoirs, taking into account the knowledge on functioning of such ecosystems and on the composition and structure of ichthyofauna of reservoirs that are assessed by experts to represent good ecological potential. Then, it would be necessary to test the index on a sample of reservoirs of each type, for which detailed data on ichthyofauna composition are available.
The assessment parameters values presented in the table permit to calculate the ecological potential for a reservoir with parameters corresponding to the ranges given to large, lowland, shallow, reolimnic reservoirs, with average depth below 5 m (e.g. the Zegrze Reservoir). However, in order to assess the ecological potential of other types of reservoirs specifi ed in Table 1 , it is necessary to elaborate similar ranges of values for particular assessment parameters.
Principles of data collection on ichthyofauna of dam reservoirs
In order to obtain reliable data on ichthyofauna of dam reservoirs for the assessment of their ecological potential, according to the criteria listed in Table 2 it is necessary to use combined methods of data collection, such as:
Electrofi shing (coastal zone). 1.
Commercial net catches (if there is commercial fi shery in the reservoir). Experimental net catches:
In addition (to complement the data on commercial catches) -nets with smaller mesh size than in commercial fi shery, different fi shing grounds, Full range of catches (nets with different mesh sizes, longer period of fi shing) -if there is no commercial fi shery. Data from fi shery managers on stockings and fi shing exploitation in the reservoir. It should be underlined that studies of the ichthyofauna of reservoirs in the monitoring system should be planned taking into account the following amount of work and time:
2.
3.
a.
b.
4.
2-4 weeks for a large or medium-size reservoir (more than 300 ha) and 2-7 days for a small one (20 to 300 ha); A team of respectively 6 and 4 persons -for a large or medium and small reservoir (net catches and electrofi shing); Data collection in a given period of the year -most favourable from midAugust until mid-October, so as to obtain results that are comparable between reservoirs; Repetition of monitoring with the frequency of 5 years for a given reservoir. The principles of monitoring system presented above guarantee its reliability for the assessment of ecological potential of dam reservoirs on the basis of fi sh assemblages.
1.
2.
3. 4. In order to decrease the number of proposed types it is possible to join the size classes of 301-1000 and >1000 ha into one class (>300 ha). This could be justifi ed to a certain degree by a small number of such reservoirs in Poland (both classes in total amount to approximately 30), however such principle would result in classifying very big reservoirs (2-7 thousand ha) and relatively small reservoirs (approximately 300-400 ha) into one type and would therefore signifi cantly decrease the accuracy of the assessments of ecological status done on the basis of uniform criteria. When elaborating the criteria referring to quantitative proportions of species groups in the ichthyofauna assemblage (Tab. 2), the criterion referring to the percentage of the number of individuals proposed by earlier studies (Karr 1981 , McDonough and Hickman 1999 has been replaced by the percentage of biomass. This is necessary for the use in an assessment system of the existing data from commercial catches in dam reservoirs (Wiśniewolski 2002) .
When elaborating the criteria proposed in Table 3 . for large, lowland, lotic reservoirs (such as the Zegrzyński Reservoir) several studies have been taken into account, that contain large knowledge on the functioning of ecosystems of this type of reservoirs (Kajak 1990 , Kajak and Prus 2003 , Prus and Wiśniewolski 2005 as well as on the structure of ichthyofauna assemblages, fi sh biomass and fi shing exploitation (Wiśniewolski 2002, Szlakowski and Wiśniewolski 2001) . In case of other types of reservoirs, in particular medium and small, this type of data is more limited and less accessible, and sometimes not existing at all. This is a major obstacle in selecting the assessment parameters for such reservoirs and in some cases may require pilot studies of selected reservoirs.
It should be underlined that the implementation of a monitoring system of dam reservoirs based on ichthyofauna requires the use of combined methods of data collection such as electrofi shing, and experimental net catches as well as the use of data from commercial net catches (McDonough and Hickman 1999, Wiśniewolski 2002) . Moreover, data collection should be carried out by a team composed of 4-6 persons for 2 days up to 4 weeks (depending on the size of the reservoir) in a given period of the year (August -October), so as to obtain results that are comparable between reservoirs. The monitoring procedure should be repeated every 5 years.
Only a monitoring system of dam reservoirs organised in such a way and adequately fi nanced will ensure fully reliable assessment of their ecological potential basing on the analysis of ichthyofauna assemblages.
